Vasoconstriction accompanied by changes in skin color is a normal physiologic response to cold. The distinction between this normal physiology and Raynaud's phenomenon (RP) has yet to be well characterized. In anticipation of the 9th International Congress on Autoimmunity, a panel of 12 RP experts from 9 different institutes and four different countries were assembled for a Delphi exercise to establish new diagnostic criteria for RP. Relevant investigators with highly cited manuscripts in Raynaud's-related research were identified using the Web of Science and invited to participate. Surveys at each stage were administered to participants via the on-line SurveyMonkey software tool. The participants evaluated the level of appropriateness of statements using a scale of 1 (extremely inappropriate) through 9 (extremely appropriate). In the second stage, panel participants were asked to rank rewritten items from the first round that were scored as "uncertain" for the diagnosis of RP, items with significant disagreement (Disagreement Index > 1), and new items suggested by the panel. Results were analyzed using the Interpercentile Range Adjusted for Symmetry (IPRAS) method. A 3-Step Approach to diagnose RP was then developed using items the panelists "agreed" were "appropriate" diagnostic criteria. In the final stage, the panel was presented with the newly developed diagnostic criteria and asked to rate them against previous models. Following the first two iterations of the Delphi exercise, the panel of 12 experts agreed that 36 of the items were "appropriate", 12 items had "uncertain" appropriateness, and 13 items were "inappropriate" to use in the diagnostic criteria of RP. Using an expert committee, we developed a 3-Step Approach for the diagnosis of RP and 5 additional criteria for the diagnosis of primary RP. The committee came to an agreement that the proposed criteria were "appropriate and accurate" for use by physicians to diagnose patients with RP.
Introduction
Raynaud's phenomenon (RP), named after the French physician Maurice Raynaud (1834e1881), is a disorder of the microvasculature that generally affects the fingers and toes but can present on other extremities such as the nose, ears and nipples [1e3] . Raynaud first characterized the disease in his 1862 thesis, believing his patients' symptoms resulted from deregulated constriction of precapillary arterioles caused by an overactive neurological reflex [4] . Clinically, Raynaud's is often sub-classified into primary RP, which runs a relatively benign course, and secondary RP, which is either associated with or predates an underlying systemic connective tissue disease [3e6] . Primary RP is generally symmetric in presentation, lacks any evidence of necrosis, and patients are seronegative for ANA, whereas patients with secondary RP may suffer from digital pitting, ulceration and even dry gangrene [3, 7] . Regardless of the subtype, the hallmark of RP is ischemia of the digits in response to cold, which produces a characteristic "triphasic" color pattern, (pallor, cyanosis, rubor) as well as numbness and swelling [2, 8] . Initially, the distal finger pads become pale, or turn white due to constricted blood-flow; then become blue, a sign of tissue hypoxia; and lastly red, as the tissue is reperfused [3, 9] . Well-demarcated color changes are considered by some to be an important diagnostic hallmark of RP, but without direct observation of an attack, it may be difficult to assess this feature [2, 8] . RP is fairly common, affecting 3e5% of the global population with a shift in prevalence toward colder climates [2e4] .
The most common trigger is thought to be exposure to cold. Attacks may even occur after minor changes in temperature, such as moving into an air-conditioned building from a hot summer day [3, 10] . Other reported triggers include emotional stress; medications such as beta-blockers; injury due to vibrations or forcible trauma; extended use of digits, as with prolonged periods of typing; smoking; and the presence of other arterial diseases, such as vasculitis [11] .
In 10e20% of cases, RP is the initial manifestation of an associated underlying connective tissue disease, such as scleroderma, dermatomyositis, systemic lupus erythematosus, mixed connective tissue disease, Sjögren's syndrome, and rheumatoid arthritis [3] .
Despite the widespread prevalence of RP, standardized diagnostic criteria have not been thoroughly established. Brennan et al.,
Wigley, LeRoy and Medsger, and Maricq et al. have all developed and published diagnostic criteria for RP (Table 1) , but the use of these criteria has been limited in the clinical setting [4, 7, 12, 13] . Herein we report the results of a Delphi exercise in which an international panel of experts came to an "agreement" on new diagnostic criteria for RP, which was then validated mathematically using the IPRAS method.
Methods
A Web of Knowledge search for highly cited authors identified 14 physicians from 4 countries and 9 universities as experts in both RP and connective tissue diseases. The 14 experts were then emailed invitations to participate in the Delphi consensusbuilding exercise. One physician failed to respond to the invitation, one physician declined, and the remaining 12 agreed to participate (Fig. 1) . The participating committee members were sent the first round online-survey consisting of 49 statements/ items regarding the diagnosis of RP. The names of the panelists were kept confidential and all responses were de-identified prior to releasing them to the group [14] . This allowed each member to answer questions without being influenced by the opinions of the other panelists.
The criteria presented for committee scrutiny were assembled from Pubmed literature searches and highly-cited manuscripts on RP identified by the Web of Science. Additionally, previously established RP diagnostic criteria were used to formulate statements presented to the panel [1e4, 8,12,13,15e29] . The panel was asked to rate each item using a 9-point scale according to how discriminatory they felt each was in successfully identifying patients with RP. A rating of 1 was defined as being "extremely inappropriate" and a rating of 9 was defined as "extremely appropriate". The RP experts were asked not to consider cost or feasibility of implication when providing their ratings for each item. The diagnosis of Raynaud's phenomenon is confirmed by a positive response to all three questions.
Negative:
No blanching by hand photograph or color scale
Definite:
Repetitive episodes of biphasic color (at least two or pallor, cyanosis, erythema), in either cold or normal environments.
If positive for diagnosis of Raynaud's phenomenon, further criteria for the distinction of Primary versus Secondary RP are then evaluated for.
Possible:
Blanching by hand photograph and/or color scale but insufficient for definite
Severe:
Repetitive episodes of biphasic color (at least two of pallor, cyanosis, erythema), in addition to paresthesia or numbness, occurring in both cold and normal environments. As described in the RAND/UCLA Appropriateness Method, for each item, the median rating, lower limit interpercentile range (IPR), and upper limit IPR were recorded. The Disagreement Index (DI) was calculated using the equations in Table 2 [30] .
A median value of 1.0e3.4 was considered to be "inappropriate", 3.5e6.4 as "uncertain", and 6.5e9 as "appropriate". A DI value above one (>1) indicated disagreement or lack of consensus among the participants in regards to the use of a particular diagnostic criterion for Raynaud's.
The second round consisted of a survey with 18 statements/ items, comprised of 1) additional criteria suggested by the panel during the first iteration, 2) items that required rewording for clarification, 3) items that showed significant disagreement among the participants (DI > 1), and 4) items that had received a median rating of 3.5e6.4 ("uncertain" appropriateness). For items that were deemed "uncertain" or had "disagreement", the panel was given the median values, lower limit IPRs, and upper limit IPRs from the first round, and a modified version of the statement that they were asked to rate.
At the completion of the first two iterations, items that were agreed upon (DI < 1) by the panel to be "appropriate" (median value of !6.5) were used to develop a new set of diagnostic criteria for RP ( Fig. 2 ) and primary RP (Table 3) . A third and final survey iteration was presented to the panel participants asking them to compare the newly proposed diagnostic criteria established in this study against four previous sets of criteria that were instituted by Brennan et al., Wigley, LeRoy and Medsger, and Maricq et al. (Table 1) [4, 7, 12, 13] . The panel was then asked to rate the appropriateness/accuracy of the new diagnostic criteria using the scale of 1 through 9.
Results
11 of 12 participants responded to the first Delphi questionnaire (92% response rate) and 9 out of 12 participated in the second (75% response rate). After completion of the first two rounds, the IPRAS method revealed that 36 of the presented items were "appropriate", 12 of the items had "uncertain" appropriateness, and 13 of the items were "inappropriate" for the diagnosis of RP [30] . There were 6 items where the panel members showed significant disagreement (DI > 1). Table 4 reveals the individual DI's for each statement.
Using the items that the panel "agreed" were "appropriate", a 3-Step Approach for the diagnosis of RP (Fig. 2) , and an additional 5 criteria for the diagnosis of primary RP (Table 3) were developed. The panel "agreed" (DI ¼ 0.31 and 0.16 respectively) that both sets 0.52 A normal nail fold capillaroscopy examination is required to make a diagnosis of primary RP.
0.36 When present, a history of hand numbness associated with color changes is helpful in making a diagnosis of RP.
0.18 When present, a history of paresthesia associated with color changes is helpful in making a diagnosis of RP.
0.25 Patient-provided photographs of the color changes can be helpful in making a diagnosis of RP.
0.16 In a patient who meets the criteria for RP, a physical examination finding of sclerodactyly is sufficient to make a diagnosis of secondary RP.
0.12 In a patient who meets the criteria for RP, a positive capillaroscopy examination is sufficient to make a diagnosis of secondary RP.
0.39 In a patient who meets the criteria for RP, a physical examination finding of cutaneous or subcutaneous calcinosis is sufficient to make a diagnosis of secondary RP.
0.22
In a patient who meets the criteria for RP, a physical examination finding of skin fibrosis/hardening is sufficient to make a diagnosis of secondary RP.
0.01 In a patient who meets the criteria for RP, a physical examination finding of digital ulcerations (unexplained by other causes such as drugs or trauma) is sufficient to make a diagnosis of secondary RP.
0.13
In a patient who meets the criteria for RP, a positive test for anti-centromere antibodies is sufficient to make a diagnosis of secondary RP.
0.37 In a patient who meets the criteria for RP, a positive test for an anti-RNA polymerase antibody is sufficient to make a diagnosis of secondary RP.
0.39 In a patient who meets the criteria for RP, a positive test for anti-centromere antibodies is sufficient to make a diagnosis of secondary RP.
0.36 When available, a positive cold challenge test, defined as a color change of the digits (pallor or cyanosis) when exposed to cold water, is useful in making a diagnosis of RP.
0.25
Involvement of both hands, even if the involvement is asynchronous and/or asymmetric, is helpful but not necessary to make a diagnosis of RP.
0.40 An individual who experiences triphasic color changes during their attacks is more likely to have RP than an individual who experiences only biphasic color changes.
0.22
An individual with only biphasic color changes may in some cases still meet the diagnostic criteria for RP.
0.00 No minimal length of time is required to make a diagnosis of RP.
0.51 No minimal number of attacks is required to make a diagnosis of RP.
0.81 Well-demarcated color changes are helpful but not necessary to make a diagnosis of RP.
0.42 The age of an individual should not be considered a requirement to make a diagnosis of primary RP.
0.51 An age of onset less than or equal to 25 is helpful but not necessary to make a diagnosis of primary RP.
0.87 Although informative in some cases, a cold challenge test should not be included as part of the diagnostic criteria for RP. 0.19 Whether or not an attack is precipitated by smoking does not need to be included in the diagnostic criteria for RP. 0.19 Whether or not an attack is precipitated by substances/drugs such as beta-blockers, chemotherapy, estrogen, vinyl chloride, ergot derivatives, amphetamines, cocaine, clonidine, or sympathomimetics does not need to be included in the diagnostic criteria for RP.
0.16
Although digital systolic blood pressure may be informative, it does not need to be included in the diagnostic criteria for RP.
0.00 Although prolonged digital rewarming may be informative, it does not need to be included in the diagnostic criteria for RP.
0.00 It is appropriate to make the distinction of Raynaud's phenomenon (RP) as being either primary or secondary.
0.00 Reported vasospastic attacks elsewhere on the patient (e.g. nose, ears, feet, nipples) are helpful but not required to make a diagnosis of RP. 0.13 Items the panel agreed had "uncertain" appropriateness for the diagnosis of RP A history of symmetric attacks involving both hands is required to make a diagnosis of RP. 0.99 A 3-month or greater history of recurrent attacks of digital ischemia is required to make a diagnosis of RP.
0.93 A history of at least 5 attacks of digital ischemia is required to make a diagnosis of RP.
0.93 Color changes must be well demarcated to make a diagnosis of RP.
0.97 A diagnosis of RP can be made with the use of only a color chart-containing patient questionnaire. 0.42 By history, a definitive diagnosis of RP can be made if a patient states that their fingers are 1) frequently sensitive to the cold (i.e. experience pain or numbness), 2) change colors when exposed to cold (i.e. turn white, blue, or both).
0.52
When present, a history of attacks precipitated by smoking is helpful in making a diagnosis of RP.
0.57 A positive history of attacks precipitated by substances/drugs such as beta-blockers, chemotherapy, estrogen, vinyl chloride, ergot derivatives, amphetamines, cocaine, clonidine, or sympathomimetics is helpful in making a diagnosis of RP.
0.98
In a patient who meets the criteria for RP, a positive test for anti-smith antibodies is sufficient to make a diagnosis of Secondary RP.
0.52 When available, a difference in digital systolic blood pressure compared to brachial systolic blood pressure is useful in making a diagnosis of RP.
0.33 Prolonged digital rewarming upon cold challenge test is useful in making a diagnosis of RP.
0.74 In a patient who meets the criteria for RP, a moderate to high titer for anti-smith antibodies is sufficient to make a diagnosis of Secondary RP.
0.54 Items the panel agreed were "inappropriate" for the diagnosis of RP Color charts are required to make a diagnosis of RP.
0.16 Patients who have attacks precipitated only by vibrations can be diagnosed with RP.
0.44 A normal ESR is required to make a diagnosis of Primary RP. 0.13 A normal ANA is required to make a diagnosis of Primary RP.
0.50 The absence of xerostomia, joint pain, photosensitivity, or migraines is required to make a diagnosis of primary RP.
0.63 When present, a history of attacks precipitated by exposure to vibrations is helpful in making a diagnosis of RP.
0.47 When present, a family history of RP is helpful in making a diagnosis of RP.
0.63 In order to make a diagnosis of RP, episodes must also occur in the absence of exposure to beta-blockers, chemotherapy, estrogen, vinyl chloride, ergot derivatives, amphetamines, cocaine, clonidine, and/or sympathomimetics.
0.37
Thermographic imaging displaying a digital to dorsal difference (DDD) in temperature post cold challenge is sufficient to make a diagnosis of secondary RP.
0.09 When available, laser Doppler imaging is useful in making a diagnosis of RP.
0.04 When available, laser Doppler flowmetry is useful in making a diagnosis of RP.
0.04 When available, laser Doppler anemometry is useful in making a diagnosis of RP.
0.10 A decrease in Doppler skin perfusion pressure after cold exposure is useful in making a diagnosis of RP.
Items the panel disagreed on for the diagnosis of RP
A clinical assessment is required to make a diagnosis of RP.
1.70
(continued on next page) of criteria were "appropriate/accurate' (median value of 7 for both sets of criteria). The response rate for the final criteria was 100%. Initially, the diagnostic criteria utilized a scoring rubric in which individual elements were assigned points weighted upon the committee's relative endorsement for each particular item. However, some panel experts felt that scoring the items would be too labor intensive for general use. Thus, a more "user friendly" version of the diagnostic criteria was developed (Fig. 2) . The majority of the panel members preferred the more user-friendly version.
Discussion
After the first round of the Delphi exercise, the panel was in agreement that at least biphasic color changes are required to make the diagnosis of RP (Table 4 ). They also agreed that white/pallor and blue/cyanosis were the two most important colors to make a diagnosis, and that patients must report cold temperatures as one of the triggers for their RP attacks. Triggers other than cold (e.g. emotional stress) were deemed helpful but not required to make a diagnosis of RP. In addition, standardized questionnaires, photographs of episodes provided by patients, and a history of attacks at sites other than the hands were thought to be helpful but not required to make a diagnosis of RP ( Table 4 ). Symptoms that were deemed helpful but not required included numbness and paresthesia. Items felt not to be useful included color charts, family history, and a history of drug-induced or smoking-induced attacks. Some items including the minimal number of attacks, minimum length of time in which patient has experienced attacks, a welldemarcated color change, and the requirement for a physician assessment did not meet agreement standards.
Most panelists scored technologies such as thermographic imaging and laser Doppler flowmetry as "inappropriate" because of difficulties in implementation and questionable utility. There was agreement that cold challenge tests, while informative, had potential to cause patient injury, and as such, were eliminated as potential diagnostic criteria.
With regard to primary RP, there was strong agreement to avoid non-specific symptoms (e.g. xerostomia, joint pain, photosensitivity, and migraines) in the diagnostic criteria. Agreement was not achieved for a requirement of symmetry (Table 4) , which, interestingly, is a previously published RP criteria for primary RP [7] . Also at odds with prior published criteria, the panel demonstrated strong agreement that a normal ESR and a normal ANA titer were not required for the diagnosis of primary RP [7] .
The second round of the Delphi exercise solidified biphasic color changes (white/pallor and blue/cyanosis) as the minimum number of color changes required to make a diagnosis of RP. Round 2 also readdressed the usefulness of attack symmetry. The panel agreed that symmetry should not be a diagnostic criterion, but did agree that bilateral hand involvement even if asynchronous and asymmetric could be helpful if not required to make a diagnosis of RP. The panel also agreed that patients with triphasic color changes are probably more likely to have RP than patients with only biphasic color changes. Round 2 again revealed that no minimal amount of time or number of attacks was required to make a diagnosis of RP. Finally, well-demarcated color changes were deemed useful but not necessary. No agreement as to the usefulness of pain as a diagnostic could be reached after two rounds of Delphi scoring.
With regard to primary RP, round 2 revealed that an age of onset less than or equal to 25 was helpful but not required to make a diagnosis. There was also strong agreement that normal capillaroscopy findings be incorporated into the diagnostic requirements. This introduces some challenges as there is a wide range of nail fold patterns seen in healthy individuals [31] . Thus, for the purposes of being precise, "normal" is tentatively defined as patterns that fit within clusters 1 and 2, which were described as "normal" and "perfect normal" by Ingegnoli et al. [31] . These two clusters account for 93% of healthy individuals.
Unlike previous RP criteria, the panel was in agreement that a normal ESR and a normal ANA were not required for a diagnosis of primary RP. The panel felt that these tests have specificities too low to be reliable as specific criteria, and that patients with low but nevertheless abnormal values are too common. Thus, in comparison to previously published reports, the requirement for a negative ESR was entirely eliminated and the panel eased the requirement for a negative ANA to negative or low titer ANA (e.g. 1:40 by indirect immunofluorescence).
Similar to the opinion regarding ESR, panelists also felt that nonspecific symptoms such as xerostomia, joint pain, photosensitivity, and migraines should not be included in the diagnostic criteria for primary RP.
Importantly, two individuals stated that sub-dividing RP into primary and secondary RP is of dubious usefulness. "Raynaud's is just a symptomelike GERD, or diarrhea." These individuals were outliers but they raised an important point: there are no clear clinical delineations separating the two entities. Thus, viewing RP as a continuum may be a more accurate characterization.
Due to time constraints imposed on this Delphi exercise, the development of consensus criteria for secondary RP was not attempted. However, the panel was undoubtedly in agreement that physical exam findings such as sclerodactyly, calcinosis, fibrosis, ulcerations, and an abnormal capillaroscopy examination could be used to make a diagnosis of secondary RP in patients who meet the diagnostic criteria for RP (Table 4) . Autoreactive antibodies specifically, ANA, anti-centromere, and anti-RNA polymerase, were ranked as helpful and in some cases diagnostic for secondary RP. However, agreement could not be established for the usefulness of anti-smith and anti-SCL 70 antibodies. Although this is an excellent start, future exercises will be required to develop diagnostic criteria for secondary RP.
Finally, agreed upon items were used to generate a complete set of diagnostic criteria for both RP and primary RP. These criteria were then submitted to the panel, which voted in approval of the new outlines. Although the revised criteria that we present here may be far from exemplary, they are the first to be generated with the consensus of experts from around the world. We are hopeful that they will achieve wide acceptance for both use in the clinic and elsewhere.
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DI
To make a diagnosis of primary RP the patient must have experienced their first attack before age 40.
1.70 When present, a history of pain (greater than 5/10) associated with color changes is helpful in making a diagnosis of RP.
1.63 Whether or not a patient experiences pain with their attacks is not helpful in making a diagnosis of RP.
1.70 In a patient who meets the criteria for RP, a positive test for anti-SCL-70 antibodies is sufficient to make a diagnosis of secondary RP.
1.04 In a patient who meets the criteria for RP, a positive test (moderate to high titer) for anti-SCL-70 antibodies is sufficient to make a diagnosis of secondary RP.
1.22
